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organization and dynamics,
synthesis of cell surface structures
and organelles, and motility [10].
Perhaps cumulative damage to
non-diffusible peptidoglycan,
protein or lipid complexes at
bacterial cell poles eventually
compromises their ability to anchor
chromosome segregation or
critical cytoskeleton-dependent
processes. Newly synthesized
poles, by contrast, are built from
‘fresh’ components that do not
begin to show wear and tear until
subsequent generations.
Our understanding of aging in
bacteria is clearly rudimentary at
present, but new insights could be
just around the corner.
Tremendous advances in
fluorescence-based imaging of
proteins and chromosomes in live
bacterial cells provide optimism
that structural differences between
senescent cells and their
rejuvenated brethren, and between
old poles and new poles, will be
detectable. Furthermore, both E.
coli and Caulobacter are attractive
systems for genetic analysis of
aging, as has been so valuable in
dissecting molecular determinants
of aging and lifespan in yeast,
worms, and flies [11]. Time will tell
whether molecular mechanisms of
aging are as conserved in the
prokaryotic world as they seem to
be among eukaryotes.
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Cytokinesis is the final act in cell
division during which the
cytoplasm in animal cells is
pinched in half by a
circumferential constricting ‘purse
string’, termed the contractile ring
[1]. The contractile ring is
composed of actin and myosin II
and was first identified in marine
eggs nearly four decades ago [2].
The analogies to a muscle
sarcomere have led to the long-
held, conventional view that
myosin’s role in the contractile
ring is to provide the force of
contraction within a static actin
assembly [1]. Two papers
published in this issue of Current
Biology [3,4] provide compelling
evidence that myosin is doing
much more than simply acting as
the motor for contraction. Myosin
is now shown to play key roles in
both the assembly and the
disassembly of the contractile ring
via its interactions with actin.
Moreover, these new studies
confirm that actin itself is highly
dynamic in the contractile ring.
Myosin II’s involvement as an
ATPase motor in cytokinesis has
been known for some time [5,6]
and, as in other non-muscle forms
of cell motility, myosin II’s activity
during cytokinesis is regulated by
phosphorylation of its regulatory
light chain [7]. Several studies have
suggested that myosin may have a
role in the assembly of the actin
contractile ring and that such
movements are regulated by its
phosphorylation state [8,9]. The
new studies [3,4] dissect the role of
myosin light chain phosphorylation
and of myosin II ATPase activity,
thereby delineating the distinct
effects of these two properties of
myosin on cytokinesis.
The two groups used different
techniques to label actin in the
contractile ring of mammalian cells
in culture and then used
fluorescence recovery after
photobleaching (FRAP) to monitor
actin dynamics. Murthy and
Wadsworth [4] generated cells
stably expressing GFP–actin
allowing for easier and more
reproducible analysis, and Wang
and colleagues [3] traced actin by
microinjection of fluorescently
labeled phalloidin. Murthy and
Wadsworth [4] found that actin in
the forming contractile ring turns
over at a much faster rate than
that in stress fibers or in other
cortical regions. In fact, the
numbers generated for actin
turnover in the mammalian
contractile ring are similar to those
previously determined for actin
turnover in the contractile ring of
fission yeast [10]. Furthermore,
Murthy and Wadsworth [4]
demonstrate the occurrence of
dramatic cortical flow of short
actin filaments and show that this
cortical flow is responsible for
fluorescence recovery during
cytokinesis. Such flow of actin has
been noted during wound closure
in Xenopus eggs [11]. Similarly,
earlier studies from Wang’s group
documented such movement of
labeled actin filaments toward the
contractile ring of mammalian cells
in culture [12].
So, what is the role of myosin II
in the actin dynamics of the
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contractile ring? Several studies
have shown that myosin helps to
move actin to the contractile ring
or to cortical wounds in Xenopus
eggs (which seem increasingly
likely to be an excellent model for
cytokinesis) [9,11,13]. Murthy and
Wadsworth [4] used the specific
inhibitor of myosin light chain
kinase, ML7, to ask whether
inhibition of myosin
phosphorylation affects the
presence of actin in the early
contractile ring and found that it
does indeed result in clearance of
actin from the equatorial region.
Interestingly, both groups [3,4]
further demonstrate with the use
of the myosin II ATPase inhibitor
blebbistatin that myosin’s ATPase
activity is not required for
assembly of the contractile ring.
Thus, light chain phosphorylation,
which activates myosin’s
assembly into bi-polar filaments,
plays a role in assembly of the
actin contractile ring. In fact, there
have been other studies showing
that myosin mutants lacking
ATPase activity can be
transported to the contractile ring
[14,15]. Thus, contractile ring
assembly and myosin’s presence
in the ring requires myosin light
chain phosphorylation but not
myosin ATPase activity. 
Several proteins interact with
myosin light chain and may be
candidates for regulating
contractile ring assembly; for
example, an IQGAP-like protein
interacts with the myosin light
chain in the assembly of the
contractile ring in budding yeast
[16]. In some instances, however,
the temporal association of these
proteins with the ring does not
seem to fit with a role in regulating
ring assembly. Although the
contractile ring protein anillin
interacts with myosin and is
regulated by light chain
phosphorylation, and these
interactions are involved in
contractile ring function [17], it
appears that anillin functions
instead with myosin late in
furrowing. 
It has long been appreciated
that, as the contractile ring
contracts, it disappears [18].
Perhaps the most unexpected
finding in these two papers is the
result that myosin ATPase activity
is required for the disassembly of
the actin in the contractile ring.
Both groups, using either globally
applied blebbistatin or, in Wang
and colleagues’ case [3], locally
applied drug, show that FRAP of
actin in the established ring was
significantly reduced when
myosin ATPase activity was
inhibited. These results thus
suggest that myosin’s ATPase
activity is required for actin
turnover in the constricting ring,
perhaps through regulating
filament disassembly. As noted
by Murthy and Wadsworth [4], in
polarized epithelial cells
blebbistatin effects the
disassembly of the adherens
actin ring, which has remarkable
resemblance to the contractile
ring and is regulated by myosin II
light chain phosphorylation [19].
Until now, the predominant view
was that the actin-binding protein
cofilin played a singular role in
disassembly of the ring [20], but
the studies from the Wadsworth
and Wang labs instead show that
myosin II’s ATPase activity is
involved.
These findings open up new
questions and approaches to
study assembly and disassembly
of the contractile ring. It is likely
that other proteins will be
discovered whose association
with myosin is regulated by light
chain phosphorylation. Moreover,
the idea that myosin acts to tear
actin filaments apart during ring
constriction raises many
questions about the three-
dimensional structure of the ring
and how myosin remains
anchored in the ring during this
process. Interestingly, it seems
that the more we learn about this
final scene in cell division, the
more questions arise.
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